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(54) [389U©£»] MttlftHQfta&B 

(57) iwmi 

S3M«©lfl:*2fcT*# v tf v ^ n ;* ©{£$^£11 5. 

8~1 1©j1$£^:/©T h^Vy^lM^/PtfSgyB 
#»fflRSC* 4-7 K r*»AffSl*R:BB*»*iJE 

&«5#i~#4©£Aigmc : e£v\ 

tcZUxffi (fl£tf#3) <WHl4Kftff («*.«6) k* 
Sa-TSttKt Mittfie) *sRrtfeH, #&tttfi 
6~1 9 Cfiiai&ffl$ik# s l~s 4 #Bttt ii 
&ffli£it#s l~s 4ft, 1, #3, #4, 

iS-t©WCj)fc5^(S#3, #4, #2, #ia»fe©» 
35©&A£8iiG!lU ffiffiffSi*t-ttl3*^ BfrlE^AHf 
J[W*<DW!:*>;fcS»«#3, #4, #2, #1^<D» 




[#fr!t#©«5ffl] 

R*#!W!We tf* h ^©!KmT5E£<J: 9 {>>§< H C ibft 
SrfcfcJU). *»Jt*3lE£BIBJtJ:9t>*#<*SJ:5 

me#it tea:, a jrfcjwsi-a h ^©p^a 

[M*g 2 ] ffi&g l «!i|B«©rt«fe«ii©K^«»j: 

RSWtrtfctt, flfB&5fc«rt©tr;*hv©SLMTe 
lilWBj^«»W!8S*©»Cfc*>;fc b ©K^.© 

igA^&ftJU giflBfcS^fSrt©^ h v©JE^tTS»# 

*H©ftft£R. 
[0001] 

[*«©*■*•*»«»*] rt*MftN©ftft£ 
[00 0 2] 

[&*©&«] -Rfc, l*«8BI©f* h^B:, ftffi 

a, »a, Biis mm. »»i:v>ofc-aw)f--r 

tLTtt, *y h-^^/u£|j;$^5fe©^(f Mi 

©£ffl (v) kWstr#Tto<DBtf] (p) i:©BMR 
I*. H7K*1-i54p-vj|H (fib. KH»4fo<* 
T?t>«5tt«jftt>©) tLT^i-rt*tT?t5. 

[0003] a>*»**y h-t-f^;wcfc^t, mwrn 

ft© 3 fetish *Kffil8itSriSi©5£»f? 

[00 04] ±|B©^**-T5^-S' r— IN" ^/Hcft 
U SAE Technical Paper 

Series No. 910451 ^K&VTtt, T h 



e>ix£ (gift *HC©^TfcSIE»JtM:TW'fe*i 
r», ->!)yWrtoM (v) t->yvWi*io 

JEyj (p) fc©BWRtt, fltlJH2K*tJ:5ftp-v 
HH «&U H]H'b*)<*-C , l)«eCtt4t>©) £LT* 

[0 0 0 5] 

/WCSS^TBu *ft*©H^>f 5>^3i< ftSrtA* 

oxvfe. ftoT. ^©^a©ffiv^^5&j©e/y 

5*5*il#&ofc. 

[0 0 0 6] ±E»ft©!fctai,KJ:9» ftft* 

&tt£i PyM^-f, Kftff*) ©fiiftfi 

[0 0 0 7] ^^ttHu^LfcWfc^-C/i^^fcfc 
©r-fco-c, *©itttt, T h^yyvW ^/w&r^ffl 

n^©(S«Srlll5r.£^-C#5i:£t>fc, RStfl&F*!© 
[0008] 

ts*«u-i2«©^f-*3^rtt, (^gp(ct°xhv 

*«*fc*S©ftffifc*U ««ft^ac&ife&afttf 
#g§R£*i5 £ £ t>fc, »ft#*s«WBtr^ h v©»fST 

JtJ: 5 t>*# < 45 i 5Rfi*iifcrt»ttfflBtd8V^ 

*WTSI*K: J3V ^T±Kffl!)-.©®^©^»Sr«0Ji- 5 ^ < 
mCf>;fr5i£jh#£Rttfcc££-£©g©£ U^S. 
[0009] ±S©«^fc«ttv«, ftftatfttx hv© 

S. r©J;5icK^#^t^ hv©»«TJE^J: 
9t>9<RC&n«^2:^&. *fA^mrtt-KA§nfc 
K5C*s» bT^ h>-©ffi^TS^F»c*i^T!fc#)S$*L5*5 
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&*U £*ifc:«fc9» ±ffiefc#&Lfc#5R&©±ift«K 
[0 0 10] Sfc, »*«2|C|E«©5IBJT-I4, 

1 K:E*©rtMWH©R«81lfc:ls^-c\ ■wntoft 
f £ SrSHii- SlftWf SrKrt 3 £ 1 1> . S^&Mf rt 

*«^#*©*fc*fc3*f^©R*©^*||*i-$ 

[0011] ±E©«*fciHtf» HMtS 1 fcEft©38 
^©f^fflliiOxT, -?:nm©^©^AIlJ?(c^t\ 

(tf>h-5<, C©fc*. S5fBfc^^fSrt©f^ h^©KA 
fTSfcfcHt, Sttift»fflj»Jl:#*HCb^ ftJE£Al$ 
##*:©&{;: &fc SSCfgfa* p> ©RM©& Ad 5 S$!l £ft 

fc^ftft^BWCOSEA^WSSJta. t^o-C, r©£ 
tic, imj<^*»#*©fcfc*>fc3««#RAf?Si: 
4oTV\fUf, &JfcR«f «raoTftA**i3ft*fcJll 
X.T, Sfefc, B&Ejb5&ffirt*»e>©9fctigL©!S5WS 
»l&«jfc*ASit3£i:i:*9, »£-«jfctt» RAJS* 
«©«^S0e>tb5 5„ 
[00 12] 

[893©5ttt©£tt] WT> *^Wt*5»t5rt*S«H© 

[0 0 13] H 1 fi^aSo^ffifcfe^T, *PfKl&8 
LTCiy-^y 1 ©RMg§g£«5*#j 

lteSlfc© (*HJS©^®T*li4o©) ftft#i, # 
2, #3, #4**i-5ifct>fc, «-^fSi#l~#4rt 

2 &tfR^-*-/w K 3 K £ otflSfiK 
SJxS«R*©iUBR*»»4, 5, 6, 7SriicT, 

[0 0 14] ^{S#l~#4rtlCtt, t©^.»© 



*©«£«#» #«i(§i#l~#4eic:^:ite> 
*MfcRft#8, 9, 10, 1 lSr^L-C«Mft*^»A* 

K 1 3 *a 9 , DMUBB 1 4 ^*HJ £ ft, 

[0 0 15] ±RSlffl!&2©ifrf>fc8\ H*L*V*T* 
■feA^>©ttftM£ioTHK$*t5*ns/ 1 5 

BB**iS ±RSai&2, tH*-OfcMS«# 

h/w#l BOTttMKtt, »A£*K©iMfc*¥»fls;S* 

[0 0 16] ^HfeoxWtcjsrfSttMWftffi^ 

^lwjjSMfciM^i'i u-cvvb^sr ^vy^-iM" 

^) ±K, Rft#8~l lCBB*^ SJ^tfifittiOfc 
m< (tr^hv©»«TJEjfiiJ:9t>ii<) ««*ixr^ 
5. r©i5t-K^#8~l lOBH^-fS^aSjiOfc 

v>t«, M^atfgut^ ri 5j *jEE^Jt*s ri 

Oj IOSj£$;h,T^5 0 

[0017] * jt, hi ic^-r j: ? r:, me«-»£»ft 

i ff4~7}Cf4 N »±#L 1, L2, L3, L4^K»t?> 

me>©a»jh#Li~L4tt, i^fc^sy- 
K#fcj:or«**ii, i#te*nsi-5tr^h>'©»A 

lh# L 1 ~ L 4 «fc 9 f>T««K-^»A**tfc»fttt» 
S*Wt-l4^^»±# L 1 ~ L 4 ©±««-(4iS»^ 

[0 0 18] §e>(c, *jW6©#«fcl3VvCH:* 
#l~#4©^AW^tt, #l^#3^#4^#2©Hi 

««! («*.«# 1) KMfo-tzmZ.iRfx'g («*tf«F# 
4) t, ^^JB^OftKfcfcSftfJ 3) 
K*ffW**tt(Wf («Att»#6) i^aai-5S 
ftff (fli«ffl 6) ^iS(tf)^-CV>5 0 Set, * 
HGB©»*T?HU 4#©«K*16. 17, 18, 19 
WBttf bflZ Z 1 1 ft 9 , SSRff 16tt,M#l K» 
«T 6ttfiC»»*4 t ^# 3 Ktt&l-Slfe&ftftff 6 
t^aaU SBKffl 7Ht, ft«#3fc#«r*iJlft!ft 

6 4 fcwisrsaarKftt 7 1 ^aa-t 
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5„ SStttl 814, ««#4fc#JS+3»S£!8ft 

Off 1 9 tt, fSM#2 K#*1-5»S:»ft» 5 

[00 19] fiHrT, flMB#ttlMFl 6-1 9©-«HI 

40 fctt, iiHAa»Jh#s 1, s 2, s 3, s 4#Rtt 
e>ti-cv>s. rtlP><Dii^ffl3M±#s l~s 4i Vvb 

©ii*&ffl&lh# s 1 ~ s 4 14, #3, # 

4 , # 2 rt© h >(o&Anum\£ttmf&M.!k&M& 
*©*fc*>fc3««#3, #4, #2, #ia»e>©K« 

©a»ASra«l1-'<<fflCfeii, 1, #3, # 

4 , # 2 rt© br^ h ^<osmfmm{ztimm^ik.mmi)i 

%<Dfr\Ch±Z%m3, #4, #2, #l^©Rft© 
tf, ttWFl 6fcRtfMwfcaiftffljfcU:#» 1 14. ftj§j 

»#*©*fc*fc6««#3;6»6©!R«©i£A*S«W- 

5, ttttft&ltft s 1 ftf§5# lrt©tr* 

ftffi#3~©Rft©^&W®1-5 4 5fcfto-o*5 0 
lOO 2 0] ADXT, #3feSfc©Jgjg-CI4, fcSfttS (0J 
*.tf#l) (CfcMtS^IM'^vas, jEBfrSK*** 
£, AjWWB**o*lc*)fc5«tt («*.»*# 3) fcfe 
tt*JB*HNr */W*, »Afr8i:*aJ:5K:R£3*vC 
VS. 

[002 1] fcfc±B©i 3fc«*SftT*5***© 

(i) **iS©^ffi-cr±, iauct?!^ rh*yy* 

1 1 ©93*^5 v^tfiMf J: *>*>«< (tr^h^oRft 
T5E&4 !> fc5f <) IS^tvCVSfc*, *BB»Jt*T 

if e>n§o c©fc*, mwt&m&mttj: <o t*t < * 

[0022] (2) ST, r©4 5t-Si^#8~l 1*5 
f ^ h v©RftT5DS4 HKHt bits 

©jEffifi ; S^Je:*3V>T5*:f3S$H5i3*n^fc5. LA* 

U **J£©^«-ei4, «*©*#»** 4~ 7 fcti« 
lfc#L l~L4^K»t?>HTV^5. int©li#L 1 
~L4I4, @3~06fc^r4plC, fc°* h V©RA?T 
@$lc:fcVTJ4^;h^PMv5£id>C>, Hi^RAI- 
£W4£CftV>. @3~06{C^-r«fc5{-, 

^©JBS&freBflCfcV-Ctt, iS»Jt#L l~L4(4^tl 

?*ibb ce>n«. 3 K*ri 5 t-s i 

©tr* f-y©JE*§fi : glc|8LTf4, J»Jh#L 1 HiBBCfe. 
*v$. ) mfciO. ±BBktiRLlcfl55!R*©±** 
-©»JI/}S^©J$^5. ftoT, R*fi*i9S±#tTL 
* 5 ©#*M1 $ ft, R*»ft ©±#fc 4 9 RAfflft©* 



[0023] ( 2 - 1 ) •£©££>, ©{gVRfti&Sft 

*5©Sr»Wf 5wi:*-C*«. *©»*, WOMtO 

[0024] ( 2 - 2 ) Sfc. Rft©±S£ffl!l~©i5*iS8& 
*Wft?# ±RftiIK2rt©M#lf*LT 
L*5©t>*WMS;h.5a. «£ot, Mi^ifA-f^ri 
£43, «ASft*©fiTSrt>#WW-f-5rt*-e#» ± 

[0 0 2 5] (2-3) ££>{;:, Rft&g©±#£#)3iiJ 
-CtSrt^P), ±Rftii&2-*\ ^©rtgp©#aifBp p n 
ny h/w^i^l 5«) ©JRttflMMfcJSfiT 
LT 5 ©&E£jfc-f 3 d t A J -Ct 5. 

[0 0 2 6] (3) 0H£T, ***©#•-?», -t*V? 
*l©fttt#l, #3, #4, #2©A*J|(ffK:t£l\ & 
<5«tt#l, #3, #4, # 2 fc*fffr*-3»SCftfttf 

4, 6, 7, 5 A*M#*©fcKfcfcS4ni# 
3, #4, #2, #ifc#jS^a«SBft**6, 7, 

5, 4 &«r88Brtfl 6~1 9fc4-oT&j§1-54pKL 
fc 0 3l*ftR*8~l lrtKtt, i§Hffliiilt#s 
l~s 4Srf8t454 5fc:L-fc 0 

[0027] r©fcfe, 09x.fi\ l3i;/TtJ;5lw M 

ff # 1 rt©tT^ h>-©£E^SB#JC(4, SSftV 1 6 ©9 
*SffljSih#s l*Hd»ii. ^A^^*©^(cfefc5^; 
«#3^©»«©«EA^ff«!*ti5. *fc, r©i#, 
»tt#3rt©ii , ^h>'^KAfmt*or*J9, »^ 
«*6*ao-CS8AS*i5»«K:J0*.r % Sblc, ^® 

# 1 rtd>t>©?fct 5SL©K«^18j# 3 rttcigieWlc^ 
A$ti.5rttft<9, ^-&WI^I4, RAffift*©*** 

[0028] mfS# 1 ft© h ^©RAtfS^F 

Ctt, H6Ksj%1-4 5t, giKf 1 6©i§^ffliS»it#s 
l^MCf.^ aaiS^ANf»)-4^©»{c&fc5^# 3 
36»6>©»«©JS!A!»a«**i5. 
[0029] , 12 4 fcSi" J: 5 «« 

# 3 ft© f ^ h ^©ffiKffSMPicrt. l 7 ©i§& 
ffliJt#s2i5i^ ^A^«*5 ; e©?>:Jc:*>fc.5«i.fS 
#4^©»«©atA*ff*$iv5 0 r©£#, ft 

is#4F*3©tf^ h^*t»Airat*orj8 9, sk&Rft: 

i ff7S-iioTRA$Jx5Rft(tiD^-C, ft^i# 
3 rt*»6»©!fc*fiL©R«l*ft«# 4 rtHiS&WK^A 

e>H5^o ftf^#3rt©f^ t>v©RAtTS^ 

14, H3K*i-i5K, ttRffl 7©i§*Sffi»Jt#s 2 
iJSffiD&Jv. iWB^Wci*ffl#*©»:K*fc*jltt#4*» 

6©»«©aAas»w$n5. 

[0 0 3 0] f^C<, U5iC^1-45^> ftfS 

#4rt©f* hv©JEiffitTmDf(c(4> SEIMFl 8©ii^ 
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f 5«r«oT!RA**iS»«l!:lD*.-C» Sfefc* 

4 rt *»&©*#« U©Rft#*[«# 2 AltfltttiKttA. 

e>ft5£. £fc, ft«#4rt©tf* h^wRAffSlSK: 
Ht» B 4 \£&tt 5 fc, &Rtf 1 8 «>iittffi&ik# s 3 

fe©R*©a!A#S*!l3*i5. 
[003 1] SfctfilX, Wx.fi, 0 61^1-* 5 

9©an&«aih#s4*iia>iu ^m»*:v*xa> 

fc«««#1^0»*0«EA*f|:***t4. *fc. r© 

t. «c«#2i'j!i»fe©!)i:*jEL©!a«;^ja;iaF# lrtfca 

©iftfc&SBkftSS. &ffi#2rt©fcr;* h^©R 
Afre«rfctt, B 5 \z.tkTX 5 fc, SE&ff 1 9 ©ii&ffl 

fCHf# l a»e>©R^©)5»A#&iM£*iS. 
[0032] £©J;5fcs *Hlfe«jgffi-ett, Sgc^l 
6-1 9fcioraiii-5±5fcU S&fc, 
1=8-1 lrtfc, ii&/B#lt#s i~s 4*KI*3J:5 

3, #4, #2tc*fL, ^^iJS-tOJJcKifcfc!), d» 
<\ ®Afirm(cfe5^(f#3, #4, #2, #ltcto 

xtt, mmsm*, 5, e, 7«r»oT«A*;h.$R 
micip^T, £t>\z, iiE&5^iias#i, #3, #4, 

# 2rt^e>©?*:tjgUOK5C* s iiite6<JK«A*Jx5 r t 
tftS. r©fc£, tt^ttfctt. RA£55*©***B 

^Mft©±t*SrB5Ct^T't, J;9-Jf© 
R^&^©lf A&U^V t'^n *<£>{£i)££rB 5 £ t d$ 

-eta. 

[0033] *fc % ZiXttbiC. ±12 (2-2) , 

(2-3) ©s^friDiteiifcfeu&scfcas-ets. 

<> m.tf*©*K»*L-Tt>,fcv\, 
[0034] ( 1 ) ttESdfeOSIi-Ctt, «Jh# L 1 ~ 
L4&tfi!S6ffligJt#s l~s4t LT!)-K#^-Y^ 

^y*>©3?) *r»fll/Ct>J:v\ 
[0 0 3 5] (2) IWBSGK©»ttT!tt:, #38?>3£;*fy 
y ^^^©R^gWc^fcLfc^ 



(3) flWMIttOJtarett, 4o©fvfgi#l~#4Sr* 

n5t>©-ctt!ie<, mneftw, 8«ctt©»^-ittn 

fWfre#5. &XM!*K.wxt>. ±!2H1£©^ 

[0 0 3 6] (4) ffieXttajgttfcttrtSSOT 1 6 
- 1 9fttfilttJB£lk# s 1 ~ s 4 £«B&1-5«J$t L 
rt>J:K «Mff»*©ttll©«-ll*JjUc|3tt*iu5[:v^ 

[0037] ( a ) m*9i 2 CIB«©rt«SSIH©®^ 

[0 0 3 8] ±!2©1f^t1- 5ii:(cJ:«9, £>smfgil*l 
©tr* hv©JEE«ffBl*fcttiWBjfiWc«ai**©*Ji:fc 
fc5ftfS^©»«©aEA*, ^SttJ^oilif&fcj \cftt>ti 
5wtt*9, £9«3g(c@H53»^©if*#tftf>fc°:x 

[0 0 3 9] 

«aS*©**atW?^tr^^n^©<S«SrH5r.t*s-C 

1 5 £ t t>fc, K^iiSSrt ©#asi5p o p-©m«j^«© 

[Hffi©«*ftttW] 

[bi] -nis©ff^©^vv ! ^©®^i:^-t-mBS 

[12] 7h*^yW?HSW'HfcW)p-v 

^Br*$>5o 

[B3] nm<o&i&<Dmz$imi-s*>-v^(Dim® 

xbz>. 

IB 4] ^©^©f^fflSrlftW-fSaiV^v©*^ 
[15] Safcw^fto^fflSrRW-fSav^votWH 
[16] «tt©»«©fffflSr»W1-53i>s?V©«»Ea 
[17] «3(E«flf©*y ^/wSrlftWr-Sp-v 

^B-e&s. 

[^^•©IftB^] 

l-rtaWBBiLTOa^S?^ 2-±lM9K> 4, 
5, 6, 8, 9, 10, 11-* 

16, 17, 18, 1 9-iRf , #1, #2, # 
3, #4 -m#K LI, L2, L3, L4-3*lh#, s 
1, s2, s3, s 4-ii^ffij3[ih# <> 
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[1131 





[116] 
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IB 7] 
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